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Purpose: Venous air embolism (VAE) is characterized by the entrainment of air or 
exogenous gases from broken venous vasculature into the central venous system. 
No study exists regarding the effect of patient positioning on the incidence of VAE 
during abdominal myomectomy. The purpose of this study was to assess the inci-
dence and grade of VAE during abdominal myomectomy in the supine position in 
comparison to those in the head-up tilt position using transesophageal echocar-
diography. Materials and Methods: In this study, 84 female patients of American 
Society of Anesthesiologist physical status I or II who were scheduled for myo-
mectomy under general anesthesia were included. Patients were randomly divided 
into two groups: supine group and head-up tilt group. Transesophageal echocar-
diography images were videotaped throughout the surgery. The tapes were then re-
viewed for VAE grading. Results: In the supine group, 10% of the patients 
showed no VAE. Moreover, 10% of the patients were classified as grade I VAE, 
while 50% were categorized as grade II, 22.5% as grade III, and 7.5% as grade IV. 
In the head-up tilt group, no VAE was detected in 43.2% of the patients. In addi-
tion, 18.2% of the patients were classified as grade I VAE, 31.8% as grade II, and 
6.8% as grade III; no patients showed grade IV. VAE grade in the head-up tilt 
group was significantly lower than that in the supine group (p<0.001). Conclu-
sion: The incidence and grade of VAE in the head-up tilt group were significantly 
lower than those in the supine group during abdominal myomectomy.
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INTRODUCTION
Venous air embolism (VAE) is characterized by the entrapment of air (or exoge-
nous gases, such as carbon dioxide, nitrous oxide, nitrogen, and helium) from bro-
ken venous vasculature in the central venous system.1-7 VAE can induce systemic 
effects, such as thromboembolism, to the right heart or pulmonary artery. 
The incidence of VAE has been shown to vary according to type of medical or 
surgical procedures.8 In posterior fossa surgery, the incidence of VAE was 76%.9 
On the other hand, neurosurgical procedures in the other position show an inci-
dence of 15% to 25%.10 Taken together, the position of patient is considered a ma-
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ing. One study reported that a 5° head-up tilt position re-
duced the incidence of VAE from 44% to 1%.14 However, 
other investigators reported that there was no significant 
difference in the incidence of VAE between the supine po-
sition and the 5-10° head-up tilt position.15 Although con-
flicting data exists for positioning during cesarean section, 
studies have yet to compare the effect of patient positioning 
on the incidence of VAE during abdominal myomectomy.
Therefore, the purpose of this study was to assess the inci-
dence and grade of VAE during abdominal myomectomy in 
the supine position in comparison to those in the head-up tilt 
position using transesophageal echocardiography (TEE).
MATERIALS AND METHODS
　　　
The study was approved by the Institutional Review Board, 
and written informed consent was obtained from all patients.
In this study, 84 female patients (20-55 years old) of 
American Society of Anesthesiologists physical status I or 
II who were scheduled for myomectomy under general an-
esthesia were included (Fig. 2). Patients with a history of pri-
or abdominal surgery or cardiovascular or esophageal dis-
ease were excluded. Using a random number sequence, pa-
tients were randomly divided into two groups by a comput-
er generator. Odd-numbered cases were allocated to the 
supine group (n=40), and even-numbered cases were allo-
cated to the 10° head-up tilt group (n=44). All operations 
were performed by the same surgeon. 
Patients were pre-medicated with midazolam (0.05 mg/
kg, intramuscular injection) 60 minutes before induction of 
anesthesia. In the pre-anesthetic room, intravenous loading 
of lactated Ringer’s solution was started. On arrival in the 
operating room, standard monitoring devices, including a 
three-lead electrocardiogram, non-invasive blood pressure, 
and pulse oximetry machines, were applied to the patient 
while in the supine position. All patients received 0.2 mg of 
glycopyrrolate intravenously. Anesthesia was induced with 
intravenous propofol (2 mg/kg) and remifentanil (1 µg/kg). 
Orotracheal intubation was then performed after intrave-
nous administration of rocuronium (0.6 mg/kg). Anesthesia 
was maintained with sevoflurane (1.5-3 vol%) and remifen-
tanil infusions (0.1 μg/kg/min). Neuromuscular relaxation 
was maintained with continuous intravenous infusion of ro-
curonium (2-5 µg/kg/min). 
The patients’ lungs were ventilated with 50% O2/50% air 
(2 L), maintaining an end-tidal CO2 partial pressure (PET-
jor factor in the occurrence of VAE. The key pathophysiol-
ogy of this phenomenon involves gravitational gradient. 
The height difference between broken venous vasculature 
and the right heart can create a negative pressure gradient.11 
Moreover, a gravitational gradient as small as 5 cm has 
been reported to produce entrapment of large amounts of 
air that can result in emboli.10 In this sense, the degree of 
VAE may be influenced by the position of the patient. 
During abdominal myomectomy, the uterus with fibroids 
is exteriorized for adequate exposure (Fig. 1). This procedure 
can result in the entrapment of air from broken uterine ve-
nous vasculature in the central venous system because of 
gravitational gradient.11,12 Although most cases of VAE are 
subclinical, VAE involves potentially life-threatening risks.13 
Therefore, efforts to reduce the incidence of VAE are needed.
Several previous studies have reported on altering patient 
position to reduce the incidence of VAE. In patients under-
going cesarean section, results for the effect of a 5-10° 
head-up tilt position on the incidence of VAE are conflict-
Fig. 2. Flow diagram. 
Fig. 1. Externalization of the uterus for excision of a mass of myoma. M, 
mass of myoma.
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fined as a sudden decrease of more than 20 mm Hg in the 
mean arterial blood pressure from the measurement taken 5 
minutes prior, an acute fall of pulse oximetric saturation be-
low 90%, and/or a sudden decrease of PETCO2 above 2 mm 
Hg from the baseline value. EKG was continuously moni-
tored for changes related to VAE such as ST elevation, ST 
depression, paroxysmal supraventricular tachycardia, etc. 
Statistical analyses
Sample size was predetermined using a power analysis 
based on the assumptions that 1) the incidence of VAE 
(above grade II) in patients undergoing myomectomy in the 
supine position would be about 70% (based on preliminary 
results), 2) the incidence of VAE (above grade II) in pa-
tients undergoing myomectomy in 10° head-up tilt would 
be decreased to about 40%, and 3) α=0.05 with a power (1-
β) of 0.8. The analysis led us to conclude that 40 patients 
per group would be sufficient.
Statistical analyses were performed with SAS software 
(version 6.12, SAS Institute, Cary, NC, USA). The demo-
graphic and vital sign data between the two groups were 
compared using Student’s t-test. The data of vital sign 
change during surgery in each group were compared using 
the repeated measures analysis of variance. Post-hoc analy-
sis was done using the Bonferroni test. The grades of VAE 
between the two groups were compared using the chi-
square test and Fisher’s exact test. p-values <0.05 were 
considered statistically significant. 
RESULTS
 
All 84 patients completed the protocol. The patient demo-
graphic characteristics were similar for both groups (Table 
1). There were no specific differences in vital signs between 
the two groups, especially just after uterine exteriorization 
with or without position change (Table 2). 
In the supine group, only 10% (4/40) of the patients show-
CO2) of 35-40 mm Hg. Patients received approximately 1 L 
of lactated Ringer’s solution just prior to skin incision. Af-
terwards, intraoperative fluid was subsequently administered 
with an infusion set (Control-A-Flo SetTM Model FMC5905, 
Baxter Ltd., Marsa, Malta) at a rate of 50 mL/hr to avoid 
echocardiographic artifacts caused by rapid intravenous in-
fusion.16 After intubation, a 5.0-MHz multiplane TEE probe 
(SONOS 4500, Philips, Boeblingen, Germany) was insert-
ed. Just after externalization of the uterus for myomectomy, 
patients in the head-up tilt group were tilted upward by 10°, 
while position in the supine group was unchanged. 
The ultrasound gain setting was lowered to minimize ar-
tifact misinterpretation and three TEE views were recorded 
rapidly for later interpretation of the stage. The midesopha-
geal (ME) 4-chamber view was continuously monitored 
during surgery and videotaped. When a bubble was detect-
ed in the right atrium (RA), the probe was turned to the right 
side and the angle was adjusted to the ME bicaval view to 
confirm its entrance from the inferior vena cava. Then, the 
angle was rapidly re-adjusted to view the ME right ventri-
cle (RV) inflow-outflow view to confirm the extent of air em-
bolism through the right ventricular outflow tract (RVOT). 
When gas bubbles filled more than half the diameter of the 
RA, RV, and RVOT, the ME 4-chamber, ME 2-chamber, 
ME long-axis, and transgastric mid short-axis views were 
obtained for visual assessment of left ventricular function 
and RV overload. No quantitative evaluation was performed. 
TEE images were videotaped throughout surgery.17 After 
surgery, two cardiac anesthesiologists blinded to patient 
group assignment reviewed the video tapes and graded 
VAE: grade I, single gas bubble in the RA, RV, and RVOT; 
grade II, gas bubbles filling less than half the diameter of 
the RA, RV, and RVOT; grade III, gas bubbles filling more 
than half the diameter of the RA, RV, and RVOT; and grade 
IV, gas bubbles completely filling the diameter of the RA, 
RV, and RVOT.18 
Blood pressure (systolic, diastolic and mean), SpO2, and 
PETCO2 were recorded. Cardiovascular instability was de-
Table 1. Patient Characteristics
Supine group (n=40) Head-up tilt group (n=44) p value
Age (yrs)   43.2±7.3   41.6±6.9 0.326
Weight (kg)   56.9±7.8   57.4±6.7 0.776
Height (cm) 158.0±8.3 157.7±7.2 0.211
Operative time (min)     95.2±23.0     99.5±33.4 0.579
Anesthesia time (min)   108.5±24.4   113.1±35.4 0.508
Weight of myoma (g)     392.8±106.9     357.5±152.5 0.324
The values are reported as mean±SD. There was no specific difference between the two groups.
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ed no VAE. Moreover, 10% (4/40) of the patients showed 
grade I VAE, while 50% (20/40) showed grade II, 22.5% 
(9/40) grade III, and 7.5% (3/40) showed grade IV VAE on 
TEE. 
In the head-up tilt group, VAE was absent in 43.2% (19/44) 
of the patients. In addition, 18.2% (8/44) of the patients 
showed grade I VAE, 31.8% (14/44) grade II, 6.8% (3/44) 
grade III, and nobody showed grade IV VAE (Table 3) (Fig. 
3). The grade of VAE in the head-up tilt group was signifi-
cantly lower than that in the supine group (p<0.001). 
In 4 patients in the supine group and 2 patients in the 
head-up tilt group, a sudden decrease in PETCO2 above 2 
mm Hg from the baseline value was noted. However, no 
other cardiovascular instabilities or EKG changes were en-
countered in either group. All VAEs in both groups oc-
curred during excision of myoma from the exposed uterus.
DISCUSSION
In addition to abdominal myomectomy, new treatment meth-
ods have become available to patients with symptomatic fi-
broids including medical therapy, minimally invasive thera-
pies such as uterine artery embolization or magnetic reson-
ance-guided focused ultrasound surgery, and laparoscopic 
or vaginal myomectomy.19-22 Among these methods, ab-
dominal myomectomy plays is invaluable because it is not 
limited to the size and number of fibroids that can be treat-
ed.23 However, abdominal myomectomy also involves the 
risk of VAE because the extent of uterine exteriorization nec-
essary to achieve adequate exposure can produce greater 
gravitational gradient due to broken venous vasculature. 
Therefore, for this study, it was theorized that the grade and 
incidence of VAE during abdominal myomectomy could be 
reduced by reducing the gravitational gradient through pa-
Table 3. Maximum Grade of Venous Air Embolism (VAE) dur-
ing Myomectomy
Grade Supine group (n=40) Head-up tilt group* (n=44)
0   4 (10.0%) 19 (43.2%)
1   4 (10.0%)   8 (18.2%)
2 20 (50.00%) 14 (31.8%)
3   9 (22.5%)   3 (6.8%)
4   3 (7.5%)   0 (0%)
The values are the number of patients and incidence (percentage) accord-
ing to the VAE grade of each patient. The maximum grade of VAE detected 
by transesophageal echocardiography. 
*The grades in the head-up tilt group were significantly lower than those 
in the supine group (p<0.001).
Table 2. Changes in Vital Signs 
Group
Before induction After induction Just after TEE probe insertion Just after position change* 
Supine Head-up tilt Supine Head-up tilt Supine Head-up tilt Supine Head-up tilt 
SBP 122.3±17.8 118.6±15.2 119.0±21.5 122.4±20.7 117.9±21.8 119.20±19.7 121.5±19.3 115.7±14.3
DBP   79.7±15.5   74.5±11.4   79.3±21.5   78.3±19.1 80.08±13.6     75.5±13.5   77.9±12.6   75.7±12.3
MBP   96.7±17.3   93.3±12.3   94.8±21.9   96.9±17.9   93.2±16.9     92.6±15.2   96.4±15.4   93.2±12.8
PR   79.2±13.6   76.5±11.8   79.9±14.5   76.9±14.6   78.8±13.4     77.6±11.4   73.9±15.8   74.6±12.4
PETCO2 - - 32.5±2.4 33.3±2.6 33.2±2.5   34.1±2.4 32.9±2.3 33.4±2.1
Pao2 99.8±0.5 99.7±0.5 99.8±0.4 99.8±0.5 99.6±0.5   99.6±0.5 99.7±0.5 99.6±0.6
SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; PR, pulse rate per minute; PETCO2, end-tidal CO2 partial pressure; 
PaO2, pulse oximetric saturation; TEE, transesophageal echocardiography. 
The values are reported as mean±SD. There was no significant difference between the two group (p>0.05).
*The supine position was maintained and the values were checked just after uterine exteriorization.
Fig. 3. Venous air emboli detected by transesophageal echocardiography 
during myomectomy. (A) Mid-esophageal four-chamber view. (B) Bicaval 
view. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle; 
IVC, inferior vena cava.
A
B
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was significantly lower than that in the supine group with-
out fluctuation of vital signs. Therefore, we suggest that the 
head up-tilt position during trans-abdominal myomectomy 
would be better in reducing VAE than the supine position.
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